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THIN BRICK PAVEMENTS STUDIED 


REPORT OF ACCELERATED TRAFFIC TESTS aa FIELD STUDIES BY THE BUREAU OF PUBLIC 
OADS 


Reported by L. W. TELLER, Engineer of Tests, and J. T. PAULS, Associate Highway Engineer, United States Bureau of Public Roads 


among engineers that brick less than 4 inches in 

thickness may properly be used in the construc- 
| tion of brick pavements. Advocates of the thin- 
ner brick have contended that the 4-inch depth is 
unnecessary, and that brick of 3-inch thickness or even 
less would give equally satisfactory results, and the 
extensive and satisfactory use of 34% and even 3 inch 
brick in some parts of the country has apparently lent 
support to the contention. 


Slietsm has been manifest lately a growing belief 


NOTES 


MEAN CIRCUMFERENCE 
IS ABOUT ONE TENTH OFA MILE 


T=TRANSITION SECTION 


TEST SECTIONS DESIGNATED 
BY THICKNESS OF BRICK 


30" WIDTHS OF PAVEMENT 





Fic. 1.—GENERAL Puan oF Brick Trest TRAcK 


~ If such a reduction in thickness can be made without 
impairing the service value of the pavement, and if the 
manufacture of the thinner brick is practicable, the 
resulting economy in the construction of brick surfaces 
would doubtless be very considerable; and the question 
is one which merits thorough investigation on that 
acccount. If, as experience has apparently demon- 
strated, the 314 and 3 inch thickness can be employed 
successfully, the investigation should confirm that fact 
and go further to the extent of ascertaining the least 
thickness practicable from the points of view of manu- 
facture, service, and cost. 

Recognizing the importance of the question the 
Bureau of Public Roads has undertaken to conduct 
such an investigation, in the course of which it has 
made a field study of the service behavior of brick pave- 
ments in which brick of less than 4-inch thickness have 
been used, and concurrently an accelerated traffic test, 
at Arlington, Va., on sections of pavement built of 
brick of different thickness and a series of laboratory 
tests on the brick used to determine their quality. 
Several plants manufacturing brick of less than 3-inch 
thickness have also been visited to determine the atti- 
tude of the industry toward the use of the thinner 

7594—26}—1 











brick and to ascertain if their manufacture presents any 
particular difficulties. 


CONCLUSIONS INDICATED BY THE INVESTIGATION 


The several parts of the investigation have now been 
completed and the analysis of the data obtained seem 
to warrant certain conclusions, among which the more 
important are: 

1. That 2%-inch brick of the quality used in the 
Arlington traffic tests, when properly supported, will 
prove satisfactory for pavements carrying the heavier 
types of traffic. 

2. That brick of 2-inch thickness, when properly 
supported and of the quality used in the tests, will be 








Fig. 2, BRICKLAYER CLosInG IN A ‘'DutcuMAN.” Tuis Fra- 
TURE WAS NECESSARY TO COMPENSATE FOR THE CURVATURE 
OF THE Trst TRACK 


adequate for pavements on streets carrying the lighter 
types of traffic. 

3. That a bedding course of plain sand is more effec- 
tive in reducing breakage of brick than a cement-sand 
bedding course, the breakage being much less on the 
former than the latter. The depth of the sand bedding 
course should not greatly exceed three-fourths inch. 
Increasing the depth tends to produce roughness in the 
pavement. 

4. That cobbling of the brick is greatly increased as 
the spacing between bricks is increased. 

5. That the use of excessive quantities of asphalt 
filler is a common and serious fault in construction, 
unnecessarily increasing the cost and resulting in a 
condition which impairs both the appearance and the 
serviceability of the pavement. 

6. That base construction of other than the rigid 
type may in many cases prove entirely satisfactory. 
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Macadam bases and those constructed of certain types 
of natural earth appear to be suitable when the local 
conditions are such that these types of construction 
maintain their stability throughout the year. 





Fic. 3.—Typr or Truck AND Sotip RuBBER Trres Usep Dur- 
ING THE First PHASE OF THE TEST 


7. That no difference in the base construction is 
necessary for the different thicknesses of brick. 


THE ACCELERATED TRAFFIC TESTS 


The accelerated traffic tests have been carried on at 
the Arlington Experiment Farm, Arlington, Va., during 
the last several months. Their object was to obtain 
data on the relative resistance to heavy-truck traffic of 
paving brick of the several thicknesses, and every 
effort was made, therefore, to eliminate all other 
variable factors which might influence the results of 
the tests, the only exception being the use of the two 
kinds of bedding course. Because of the opportunity 


afforded by the test to study the relative merits of the | 


plain sand and cement-sand bedding, it was decided to 
include this feature, and accordingly the pavement as 
laid includes duplicate sections of each thickness of 
brick, one on each of the two types of bedding. 

In order to minimize the possibility of a variation in 
the quality of the brick used, they were. all obtained 
from one manufacturer, and all are of the vertical- 
fiber, plain wire-cut, lugless type, 81% inches long and 
4 inches wide, the depths for the several sections being 
2, 244, 3, 3%, and 4 inches. 

A circular concrete base, which formerly had served 
in tests of bituminous pavements, was available and 
was used as a base for the brick sections. This base 
has a mean circumference of about 540 feet, is 13 feet 
wide, and at the beginning of these tests was in perfect 
condition. 

For the purpose of the brick test this circular base 
was divided symmetrically into 10 equal sections. 
On one-half of the circle the plain sand bedding course 
was laid to a thickness of three-fourths inch; on the 
other half a 1:4 cement-sand course of the same 
thickness was used. On each type of bedding five test 
sections were constructed, one of each thickness of 
paving brick. Each section was about 45 feet long and 
between them the change of one-half inch in surface 
elevation made necessary by the change in thickness 
of brick was made in a transition section about 10 
feet long. 
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This change in elevation was accomplished by ad- 
justing the thickness of the bedding course over a 
length of about 3 feet in the center of the transition 
section, the bedding for this distance being stiffened 
by the addition of a small quantity of Portland cement. 
The general plan of the test track and the relative 
position of the various sections are shown in Figure 1. 

On account of the difference in circumference between 
the inside and outside edges of the track, it was neces- 
sary to give special attention to the manner in which 
the brick were laid around the circle; and it was decided 
that the best method would be to lay the brick in a 
series of short tangents and to join these tangents with 
“Dutchmen.” One of these is shown in process of 
construction in Figure 2. In the track when completed 
there was one “Dutchman” in the center of each test 
section and another in each transition section; and in 
this way a uniform width of joints was maintained 
throughout the entire pavement. 

After the brick were laid the pavement was rolled 
with a 3-ton tandem roller, and bricks which appeared 
to be damp were dried with a portable kerosene torch. 
This was followed by culling, after which the joints 
were filled with a squeegee coat of asphalt of 32 pene- 
tration, applied at a temperature of 375° to 400° F. 





Fig. 4.—Truck WHEEL EqQuirpPpED witH NoNSsKID CHAINS 
DuRING THE SECOND PHASE OF THE TRAFFIC TEST 


The pavement was constructed late in November and 
on account of the low temperature considerably more 
asphalt adhered to the surface of the pavement than 
was desirable. Better filling of the joints would have 
resulted if higher air temperatures had prevailed. <A 
light coat of sand followed the asphalt and another 
rolling completed the construction of the test pave- 
ment. All work was done by a contractor thoroughly 
familiar with brick pavement construction. 

Before traffic was applied the various sections were 
marked off with radial painted lines, and longitudinal 
traffic lines were also painted on the surface in order that 
the truck wheels might be confined to a path 30 inches 
wide and thus accelerate the test. 

The general plan was to apply 3-ton,5-ton, and 714-ton 


motor-truck loads a definite number of times on each ~ 


test section and to observe the results. The first 
phase consisted of the application of these loads with 
motor trucks equipped with solid rubber tires in 
good condition, as shown in Figure 3. In the second 
phase the trucks were equipped with heavy nonskid 
chains on the rear wheels, as shown in Figure 4. The 
details of the loading program for the two phases of 
the test are given in Table 1. 
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are shown in Table 2. 
numbers of broken brick, graphically for the 2-inch 
brick and in tabular form for the other thicknesses, are 





September, 1926 


PUBLIC ROADS 


131 





= 





TaBLeE 1.—Loading program for the two phases of the accelerated 
traffic test 


FIRST PHASE 






































. Load | Number 
Maxi- : 
per of trips 
oe ee Tire size inch over 
Tear of tire | each test 
| width | section 
Tons | Pounds Inches Pounds 
3 5, 800 40by10 | 580 10, 000 
5 7, 750 40 by 12 646 10, 006 
714} 10,570 40 by 12 881 20, 000 
SECOND PHASE 
| 
oes Chains | | 
iinet oa Number 
per | of trips 
Rated | mum | ‘rire size | inch : -+.{/Num-| over | 
load wheel f ti Di- | Height ie 
‘tan of ire | ome-| above ber | each test | 
width ae ane per | section | 
wheel | 
| mo 
Tons | Pounds | Inches | Pownds| Inch | Inches | 
3 5, 800 40 by 10 580 a) 1% 7 | 10,000 
5 (eth) 40 by 12 646 73 1% 8 | 10,000 
74%) 10,570 40 by 12 881 4% 1% 8 | 2, 200 


























The base of the test track was originally constructed 
with superelevation for a speed of 9 miles per hour. 
It was thought that this speed was too low for repre- 
sentative traffic, and during the tests without chains 
a speed of 12 miles per hour was maintained. This 
caused a difference in pressure under the two rear 


wheels, the effect of which will be discussed later. 


During the second phase of the test it was found that 


the trucks could not maintain a speed of over 9 miles 
per hour without overheating because of the heavy 


chains, so this speed was used throughout this part of 
the traffic test. 


RESULTS OF THE ACCELERATED TRAFFIC TEST 


The results of the accelerated traffic test as measured 
by the percentage of the total number of brick in the 


_ two 30-inch wheel strips of each section, broken trans- 


versely under each load in the two phases of the test, 
The same data expressed in 


shown in Figure 5. These are the data from the traffic 


test. The results of the physical tests of the brick and 


the compression tests made on brick taken from the 
pavement after the completion of the traffic tests are 


shown in Tables 3 and 4, respectively. 


Taste 2.—Percentage of total number of brick in the two wheel 
strips of each section, broken transversely under each load 









































Thickness of brick 

. | 2-inch | 2%-inch | 3-inch | 3\%-inch | 4-inch 
Tire condi- | \U™" Rated : aS et oa 
tion aia! Modems > (Hole [ey | Ss (Sys 143 
ey Bye cs @Q s oe = Bey |e ora 
’ g gud 
a |23| 2 leg] 8 |2e| 2 [2e| 2 85 
'- DM |OU| mM (Oa! MDM |OB! mM |OA| mM |O4 

| 
Plain solid Tons |/Pect Pcl Pach) Pact\ Pret. \P- ct.) P.ct| Pact.| BP. ctw. ce. 
Anite. a 10, 000 3 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 0.0 
10,000 5 1.6 | 2.1 .0 .0 .0 .0 0 |} .0 a0) a0 
10, 000 714) 5.6 /11.8 ay .3 20 a) 0 | .4 .0 «2 
10, 000 74] 3.5 | 4.6 .0 -0| .0 .0 0) Aw) 0 .0 
TET EDJes | |e | Nespas 10.7 |18.5 oe .3 .0 .0 | BOL ae 0 wy 
Withnonskid | | | 

ernains 2 _—_ 10, 000 3 1.0 | 6.0 .0 .5 ae AW AA cal 0 .0 
10, 000 5 5 | 3.1 .0 Ai) EO .0 1 | .0 0 a! 
2, 200 (A CS Nin tet .0 0 .0 .0 0 | .0 -0 | .0 
SGT ee | a Ee 1.9 {10.2 -0| 1.0 3 .0 eid: | nat .0 oe 









































TABLE 3.—Results of physical tests on the brick used in the test 
pavement at Arlington Experiment Farm, Va. 




















| | | 
| | Modulus of rupture | 
Brick | Rattler | Crushing 
thick- | loss by |strength on 
ness weight | Tested flat| Testedon | edge 
edge | 
| ee 
Lbs. per Lbs. per | Lbs. per 
Inches | Per cent sq. in. eg.in.. | 8g. in. 
2 22.8 2, O88 1,991 | 10, 240 
2% 18.8 2, 461 2,197 | 12, 530 
‘ 19. 0 2,115 1,964 | 10, 770 
34% 17.0 2, 28 2, 146 10, 916 
4 16.8 2, 117 1, 998 10, 850 











TABLE 4.—Results of compression tests on the different sizes of 
brick in various conditions taken from the test pavement after the 
completion of all traffic 




















| 

| Average crushing strength on edge (pounds per square 

| inch) 

tas | Brick 
cee cob thick- N Traffic stage in which transverse break 
ness |, Not occurred! 

| | broken | 

| | trans- : ad 

| | versely WK B eo i w E P 

| 

ms | Inches 

Minimum__--_-__-___--| Da ee Ss OL ON Poe eens 6090) |Beeeseee 10,980 | 9,170 | 9, 240 
AN OTAL On eee eens 2| 8,490] 7,550 | 6,260) 8,290] 6,740 |_-_-.... 9, 570 
Maxim unre e aeee | Dal nig 490 ed O20 On Zoo | W920i" 05/000) |S 222 |e eee 
Manimun ee see se DU EERO R40 Hh Sue Sel ss a ee Oe ee 2 ers eee ee 
AVGLALO So ee Sons Je DU Gul 29) 2A0M ers 9,970 | 9,340 | 10,810 | 11,010 |______ 
INGwebanbbee oA 2G 98; 300) || eames emcee | ec ORC Os 7 OO) pees see | ewes ee 
IVER Tee ee | LOR LOM) eeerenenney ee te eae see Sa ea Sg a ES i (it oh 
AVCTORC saan ena nae | Smee 8 040i Rete weaee eee ee et eee |e ony |e S 
IMME CaEEyED TOY. se) SiS, TSO ml Peers eee aes eae | Loe as =| See iat Ae 
Minimum_________- Hee3! 41S e860) omens mee eae = | Cac ae a 
Averages sar S.o... PENS G0 PE O28 1 OnE serene ee |e eee Ss 150M sees 9,940 |_____- 
Maxam Tine SUG uit OF 20 Oller te ee epee aa PLOST20F Loose lowers 
VET eee Ze Sin EOD WN aes a oy eee ale cee eee aes EE <a aH (ee 
PA VeTAgO tes see | 43 RON O80] eee eae ee Orp3 0) seas e ee S.'630))|e aes 
Maximus: .o5-.| A | 10; 730; eee tee ihe eee Ihe ee oleae SS ane lel a ak 




















1 Traffic stages. 

A. Includes 10,000 trips with 3-ton load and plain solid tires (in which no breaks 
occurred) and 10,000 trips with 5-ton load and plain solid tires. Breaks under this 
traffic are indicated in the photographs by a solid circle. 

B. Includes A plus 10,000 trips with 714-ton load and plain solid tires, Breaks 
under this traffic are indicated in the photographs by an open circle. 

C. Includes A and B plus 10,000 trips with 74%-ton load and plain solid tires 
Breaks under this traffic are indicated in the photographs by a triangle. 

D. Includes A, B, and C plus 10,600 trips with 3-ton load and plain solid tires with 
Hose chains. Breaks under this traffic are indicated in the photographs by a 
single line. 

E. Includes A, B, C, and D plus 10,000 trips with 5-ton load and plain solid tires 
with nonskid chains. Breaks under this traffic are indicated in the photographs by 
a cross. 

F. Includes A, B, C, D, and E plus 2,200 trips with 714-ton load and plain solid 
tires with nonskid chains. Breaks under this traffic are indicated in the photo- 
graphs by an open square. 


From a study of the graphs in Figure 5 it will be seen 
that: 

1. Practically all transverse breakage occurred in the 
2-inch brick sections. 

2. Within the limits of the test, resistance to breakage 
by the 24-inch brick appears to have been but slightly 
less than that of the thicker brick. 

3. Breakage in sections laid on sand bedding is less 
than half of that occurring in sections laid on cement- 
sand bedding. 

4. The greatest amount of breakage occurred during 
the application of the 714-ton load with plain solid 
tires. 

5. The greatest increase in breakage occurred during 
the first 10,000 trips of the 74%-ton, plain-solid-tired 
traffic. 

6. The rate of breakage greatly decreased under the 
traffic following completion of the 714-ton, plain-solid- 
tired traffic. 

The high resistance to breakage shown by the 
24-inch brick was one of the important results ob- 
tained from this test. The slightly better quality in- 
dicated by the physical tests can only partially explain 
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7$T0N LOAD 

RIGHT WHEEL LOAD 
10570 LBS 

88! LBS. PER IN. WIDTH 
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RIGHT WHEEL LOAD 7750 LBS. 
646 LBS.PER INCH WIDTH 







3-TON LOAD 
RIGHT WHEEL LOAD 5800 LBS, 
580 LBS.PER INCH WIDTH 


74-TON LOAD 
RIGHT WHEEL LOAD 10570LBS. 
881 LBS.PER INCH WIDTH 


3-TON LOAD 
RIGHT WHEEL LOAD 5800LBS 
580 LBS.PER INCH WIDTH 


5-TON LOAD 
RIGHT WHEEL LOAD 7750 LBS. 
646 LBS.PER INCH WIDTH 
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Fia. 5.—REsvUuLts oF THE ACCELERATED TRAFFIC TesT AS MEASURED BY THE NUMBER OF BRICK IN THE 30-INCH WHEEL Srrips 
or Eacu SEction, BrRokKEN TRANSVERSELY UNDER Eacu Loap In THE Two PHASES OF THE Test; AND CuRVE SHOWING THE 
TONNAGE TO WuicH THE BrRiIcK WERE SUBJECTED 
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the remarkable strength of this brick under severe 
traffic conditions. 

The marked contrast in breakage occurring on the 
two types of bedding course strikingly demonstrates the 
superiority of the plain sand over the cement-sand 
bedding, at least for the heavy-traffic pavements. 

The higher rate of breakage which occurred during 
the early traffic, as shown in Table 2 and Figure 5, is 
probably explained by variation in the quality of the 
brick. It is probable that there were in each section 
certain brick slightly warped or of poorer grade, and 
these, breaking under the lighter loads, would tend to 
increase the early rate of breakage. 

The greater breakage occurring under the outer 
wheels in the tests made with plain solid tires is shown 
by Table 5. This is the condition previously referred 
to and attributed to the fact that the trucks when 
equipped with plain solid tires were operated at a 
speed of 12 miles per hour whereas the pavement was 
superelevated for a speed of 9 miles per hour. The 
greater load which, under this condition, would be 
thrown upon the outer wheel, is doubtless the cause of 
the greater breakage which is shown by Table 5 to have 
occurred in the outer wheel strip under the plain 
solid-tired traffic. In the tests made with nonskid 
chains on the rear wheels the speed of the trucks was 
reduced to 9 miles per hour and it will be seen from the 
table that the breakage in the two wheel strips in this 
phase of the test was more nearly equal. 


TaBLE 5.—Transverse breakage occurring in the 2-inch brick 
sections under the outer and inner wheels 


























Number of brick 
broken he 
versely 
* ae Rated | Number 
Tire condition Speed load | of trips 
Inner | Outer 
wheel | wheel 
| | 
Tons 
lain solid tires. 2.5.25. 3... 12 miles per hour_- 3 10, 000 0 0 
5 10, 000 2 34 
7% 10, 000 19 149 
‘ : 714) 10, 000 10 | 63 
Nonskid chains on plain | 9 miles per hour---_ 3 10, 000 45 18 
solid tires. 5 10, 000 20 22 
7% 2, 200 12 4 
CONDITION OF THE TEST PAVEMENT AFTER COMPLETION OF 


ACCELERATED TESTS 


Although the amount of transverse breakage has 
been taken as the criterion of the relative service of the 
several thicknesses of brick it must be understood that 
the transverse breakage alone did not materially affect 
the condition of the pavements. The broken portions 
remained in position, and under the plain-solid-tired 
traffic did not ravel or scale at the cracks except in the 
2-inch sections. The number of brick broken during 
the entire test was less than the number that would 
ordinarily be broken during the rolling of a brick 
pavement. 

Figures 6 to 10, inclusive, show the condition of the 
several brick sections at the completion of the plain- 
solid-tired traffic; and it will be observed that the dam- 
age in all sections was practically limited to transverse 
breakage. Practically all the cobbling resulted from 


_ the operation of the traffic equipped with nonskid 


Bat vin nin 


chains, and the greater part occurred during the early 
stages of this traffic. It seemed that after the corners 














of the brick had become slightly rounded, further 
rounding took place very slowly. The spacing between 





2-Incu Brick ON SAND BEDDING 





2-IncH Brick ON SAND-CEMENT BEDDING 





CuLosE-uP VIEW OF 2-INCH BRICK ON SAND-CEMENT BEDDING 


Fig. 6.—ConpDITIon oF THE 2-INcH Brick SurRFACE AFTER THE 
COMPLETION OF THE PLAIN-SoOLID-TiIRED TRAFFIC. BROKEN 
Brick ARE MARKED WITH WHITE PAINTED SYMBOLS THE 
SHAPE OF WuIcH INDICATES THE AMOUNT OF TRAFFIC WHICH 
HAS PASSED OVER THE SECTION Up To THE TIME THE BREAK 
OccurRRED. For EXPLANATION OF SYMBOLS SEE TABLE 4 


the brick appeared to be a controlling factor in the 
amount of cobbling which took place; and brick laid 
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Fia. 7.—ConpbitTIon oF THE 244-InNcH Brick SEcTION LAID ON 
Sano Beppineg AFTER COMPLETION OF THE PLAIN-SOLID- 
TIRED TRAFFIC 








AFTER 
THERE 
APPARENT DIFFERENCE BETWEEN THE SECTIONS 


Fic. 8.—ConpbiITION oF THE 3-INcH Brick SECTION 
COMPLETION OF THE PLAIN-SOLID-TIRED TRAFFIC. 
Was No 
ON SAND AND CEMENT-SAND BEDDING COURSES 





Fic. 9—ConpiTrion or THE 3)44-INcH Brick SrecTion AFTER 
COMPLETION OF THE PLAIN-Souip-Tirep TRAFFIC. THERE 
Was No ApparRENT DIFFERENCE IN THE SxEctTIoNsS Larp 





On THE Two BEDDING CouRSES 


ROADS 








In Tuis 


10.—ConpDITION oF THE 4-INcH BRICK SECTION. 
Casp Aso Torre Was No Apparent DirreRENCE BETWEEN 
THE SECTIONS ON THE Two BEDDING CouURSES 


Fie. 


with a wide spacing consistently showed greater cob- 
bling. Edges of the cracks formed in broken bricks 
were rounded about the same amount as the original 
edges of the brick. 

The condition of the brick in the several sections 
after the completion of the chain-equipped traffic is 
shown in Figures 11, 12, and 13. It will be noted that 
very little difference is apparent between the condition 
of the 2%, 3, 344, and 4 inch brick sections, all being 
in almost perfect condition at the completion of the 
traffic test. The sections of 2-inch brick, on the other 
hand, show marked effects of the heavy traffic. 


TEST TRAFFIC COMPARED WITH TRAFFIC ON ACTUAL HIGHWAYS 


It will be seen from the tonnage curve in Figure 5 
that a total of 62,200 trucks passed over the 30-inch 
strips of the test pavements, that about one-third of 
these were equipped with the heavy nonskid chains, 
and that the total tonnage moved during the period of 
the test amounted to approximately 630,000 tons. 

A quantitative comparison of the traffic applied to 
the test sections with the actual traffic using a few 
heavy-traffic highways is made possible by the studies 
previously made by the Bureau of Public Roads of the 
transverse distribution of truck traffic on paved high- 
ways of various widths.’ Using the data from these 
studies it is possible to estimate the maximum concen- 
tration of actual traffic on a strip of any given width 
in terms of a percentage of the total traffic. Applying 
these percentages to the known traffic on certain 
heavily traveled highways it is possible to approxi- 
mate the maximum amount of traffic passing over a 
strip of these highways 21% feet wide corresponding 
to the width of the traffic lanes on the test track. 

For purposes of comparison in this manner certain 
highways in Cook County, Ill., have been selected. 
According to the survey of traffic on the highways of 
the county made by the Bureau of Public Roads and 
local authorities,’ the truck traffic on these highways, 
shown in Table 6, is the heaviest to be found on any 
highways in the county. It is interesting to note, 





1 Transverse Distribution of Motor Vehicle Traffic on Paved Highways, by J. T. 
Pauls, PuBLic ROADS, vol. 6, No. 1, March, 1925. 

*Highway Traffic and the Highway System of Cook County, Ill., by the Bureau 
of Public Roads and the Cook County Highway Department. 
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therefore, that the traffic of trucks of the several ca- 
pacities applied to the test track is equivalent to the 
corresponding traffic over these highways in periods 
of from 2 to 146 years, as shown by Table 7. In terms 
of total tonnage the test traffic is equivalent to five 
years of traffic on the most heavily traveled of these 
important motor truck arteries. 


TaBLE 6.—Daily loaded truck traffic on several highways in Cook 
County, Ill., 1925 














| 
Capacity of trucks 
Width | ee 4 she ae “| rotal 
Name of highway of 3 to 4 tons |5to 5% tons| 6to7!4 tons tore 
pave- rand 
ment | [esc 
Ton- Ton- Ton- | 
No. ' nage No nage No. nage | 
= 
Feet | 
Waukegan Road_...___.-.-.-- 18 19 | 148 18 | 190 8 | 120 450 
; TON ep: ES eee ees 18 20 150 57 599 3 45 794 
iBincoln Avenues 2 22r2. 22.2) 18 14 105 23 242 9 135 482 
Dempster Street_.._-_....-.-- 18 3 23 6 63 1 Lou LOL 
Halsted Streets 23222 255.4 18 32 | 240 35 | 368 1 15 623 
orden A Venue.=- =.= -5b.. 8: 24 7 570 29 | 305 3 45 | 920 



































TaBLE 7.—Length of time required for selected pavements in Cook 
County, Ill., to carry on two 80-inch strips, traffic in number of 
vehicles and tonnage equivalent to that applied to the test pavement 

















Capacity of trucks 
to4t to 51% t to 7% ren 
Name of highway 3 to 4 tons 5 to 514 tons 6 to 7}4 tons | oe 
| | age 
By |Byton-| By |Byton-, By | Byton-| 
trips nage trips nage trips nage 
3 | 
Years | Years | Years | Years | Years | Years | Years 
Waukegan Road-_-______- 7 7 7 1 18 9 
Waukegan Road-_-_._____ 7 7 2 Z 48 48 5 
Lincoln Avenue--_____-- 9 9 6 6 16 16 | 9 
Dempster Street_______- 44 44 22 22 146 146 45 
Halsted Street___-.____- 4 4 4 4 146 146 a 
Ogden Avenue__...___-. 2 94 5 5 57 57 | i) 


























In the above evaluation of the traffic applied to the 
test sections only a few of the most important truck- 
carrying highways were used for comparison. A more 
equitable comparison would probably be obtained were 
we to use the average of the truck traffic on the Cook 
County highway system. Compared in this way the 
traffic on the test sections is shown by Table 8 to be 
equivalent to the average traffic using all highways in 
the county in 18 years, and the test traffic of 6 to 74% 
ton trucks to be equivalent to the corresponding actual 
in 70 years. 


TABLE 8.—Average trips and tonnage of the several sizes of trucks 
passing over the highways of Cook County, Ill., and the time value 
of the test traffic, based on an 18-foot two-way pavement 











Average truck traffic | 7 
on : Cook County | ee 
enw ays | traffic 
Capacity of trucks | equivalent 
Approxi- | to that 
Trucks per } meer ton- | 00, test 
ay age sections 
| 
| Years 
RID USS yet ae as ae 16 121 
ADRES SS eG SS ee ee 9 95 14 
MMUANET IS - ares ee a Set ees 2 30 | 70 
MU, COVES (CIE Ta 2 a 27 246 18 

















Both the plain-tired and the nonskid-chain-equipped 
traffic applied to the test pavement was used in making 





the comparison shown in Tables 7 and 8. To obtain a 
comparison of that portion of the test traffic equipped 
with chains with similar traffic on actual highways, it 
1s necessary to make an estimate of the portion of the 
year during which such traffic passes over the highways. 
It is believed that by estimating the yearly duration of 
this type of traffic at two months, ample time is allowed 
to cover the most severe conditions. On this or any 
other reasonable basis of comparison it will readily be 
seen that the test traffic with chains was far greater 
than any that could possibly come on any actual high- 
way during the life of the pavement. 


THE RESULTS OF THE PHYSICAL TESTS OF THE BRICK 


_ The quality of the brick used in the several test sec- 
tions is shown by the results of the physical tests re- 
corded in Table 38. These tests indicate that the brick 
used in the test pavement were of about average quality, 
though some difference appears to exist in the quality 
of the different sizes. 

Rated according to their moduli of rupture and crush- 
ing strength the test results indicate the order in 
quality of the different sizes to be as follows: 21-inch 
(best); 314-inch; 4-inch; 3-inch; 2-inch (poorest). 

The rattler losses, on their face, indicate a different 
order; but it has long been recognized that for brick of 
equal quality but different in size, the comparative 
rattler losses are not directly proportional to the 
differences in weight. Engineers have recognized the 
injustice of specifying the same percentage of wear for 
different thicknesses, and have adopted, very generally, 
the practice of allowing some tolerance for the thinner 
brick in comparing their rattler loss with that specified 
for the thicker brick. 

It is apparent that the loss in the brick undergoing 
the rattler test is more nearly a function of the total 
length of edge than of the weight of the brick. In 
view of the increasing use of the thinner brick, it 
would seem, therefore, that some modification in the 
standard rattler test should be made so as to make it 
applicable to sizes of brick differing from that of the 
original standard block. Until such a modification is 
adopted, however, it will be necessary to correct the 
observed losses for the various sizes of brick so as to 
convert them to a comparable basis. 


Applying the corrections recently suggested by the 
Bureau of Public Roads,’ to the rattler losses of the 
various sizes as shown in Table 3, the order of quality 
of the different sizes of brick used in these tests is 
brought into conformity with that indicated by the 
modulus of rupture and crushing strength tests. 

The results of the compression test made on the 
brick taken from the test pavement after the com- 
pletion of all traffic are given in Table 4. In making 
this test it was hoped to correlate the result of this 
test with service behavior. Comparing the crushing 
strength of the different brick with their condition 
after the test, it will be noted generally that good 
conditions both as to rounding and breakage were 
characteristic of the bricks giving the higher crushing 
results, while broken or badly rounded brick gave 
consistently lower values. 

A striking point noticed in the data from the com- 
pression tests on the brick which had carried traffic was 
the consistently lower value obtained from this test as 





3 Effect of Size of Brick on Rattler Loss, by F. H. Jackson, PUBLIC ROADs, vol. 7, 
No. 5, July, 1926. 
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compared with the result of the same test on brick | did not agree with those obtained in the former series 
that had not been subjected to the heavy test traffic. | of tests. It appeared that the difficulty might be, 
It was first thought that this might be an indication | and probably was, due to the failure of the capping 
of fatigue in those brick which had carried the heavy | on the worn brick. Accordingly transverse bending 


2-Incu Brick oR SAND-CEMENT BEDDING 2-IncH Brick oR SAND BEDDING 


214-Incu Brick 3-IncH Brick 


314-IncH Brick 4-IncH Brick 


Fia. 11.—Looxine Down oN THE SEVERAL Sections AFTER COMPLETION OF THE CHAIN-Equippep TRAFFIC. NONE BUT THE 


2-Incu Brick SHOWED SUFFICIENT BREAKAGE TO JUSTIFY A CONCLUSION AS TO THE Errect OF THE TYPE oF BEDDING. 
For EXPLANATION OF SYMBOLS SEE TABLE 4 


continuous traffic of the test. In order to obtain more | tests were run on brick which had carried traffic and 
data on this point additional tests were made. Atj|on those which had not and these results did not 
first, a series of check compression tests was run.|show the reduction in strength indicated by the com- 
These test data, although consistent in themselves, | pression tests. 
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THE FIELD SURVEY . : é 
Pavements in which brick less than 3 inches in depth 


By making a condition survey of _thin-brick pave- | have been in service for a considerable length of time 
ments in actual service, and by obtaining information | are practically limited to portions of Texas, Louisiana, 
from local engineers and highway officials regarding | Oklahoma, and Nebraska. The field survey was thus, 





2-IncH Brick oN Sanp-CemMENT BEDDING 2-IncH Brick ON SAND BrppING 





3-IncH BrRIcK ON SAND-CEMENT BEDDING 3-IncH Brick ON SAND BEDDING 





4-IncH Brick on SAND-CEMENT BEDDING 4-IncH Brick on SAND BEDDING 
Fig. 12.—Looxine Across THE SEVERAL Sections AFTER COMPLETION OF THE CHAIN-TIRED TRAFFIC, SHOWING THE BREAK- 
AGB AND DEGREE OF CoBBLING 


such factors as construction, age, climatic conditions, | of necessity, confined to this section. Every effort was 


traffic, and maintenance, it has been possible to arrive | made to obtain, through consultation with local engi- 
at some conclusion as to the merits of the thinner|neers and highway officials, accurate information 


paving brick in actual service. regarding all conditions which might influence the 
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behavior of each pavement, and also their views as to 
the adequacy of the particular pavement to meet the 
traffic requirements. 

Special attention was paid to the effect of the first 
attempt at using thinner brick on the subsequent policy 
with regard to brick thickness, using this criterion as a 
measure of the sufficiency of the design. The first 
thin brick pavement laid in a community in many 
cases can be classed as an experiment but similar con- 
struction later rnay be taken as an expression of the 
satisfaction of the community with the type of con- 
struction. 





Fia. 13.—Brick OF THE DIFFERENT Sizes TAKEN FROM THE 
Test Pavement AFrrer Trarric. THE GrRour SHOWS THE 
EXTREME VARIATIONS IN THE CONDITION OF THE BRICK 
AFTER THE SERVICE TESTS 


This survey involved a detailed inspection of the 
condition of several million square yards of pavements 
in which brick of 21% and 214 inch thickness were used. 
Data on age, type of construction, type of traffic, 
maintenance, and other influencing factors were ob- 
tained for each pavement inspected. 


OBSERVATIONS MADE DURING THE FIELD STUDY 


The following paragraphs give condensed information 
with regard to the condition of the brick pavements 
inspected which were built with brick under 3 inches in 
thickness. The condition reported is that which 
existed in February, 1926. 

Greenville, Tex—Located in the black waxy soil 
area, an unusually bad subgrade condition. This was 
the first city to lay brick flat, and to use bricks of 214- 
inch thickness. 

Approximately 12,000 square yards of 214-inch re- 
pressed brick was laid on Main Street during 1905-06. 
The brick were laid on a 5-inch pit-run-gravel concrete 
base, and 14-inch sand cushion with a filler of 1:2 
grout. 

This pavement has had heavy traffic, a large amount 
of which has been in steel-tired vehicles. Very little 
breaking, rounding, or cobbling has taken place, the 
pavement being in excellent condition except at a few 
places where breaks in the base have occurred (fig. 14). 

Approximately 90,000 square yards of brick pave- 
ment was laid during 1914, using 21-inch wire-cut, 
vertical-fiber brick. The construction consisted of a 
4-inch concrete (1:7 pit-run gravel) base, 114-inch sand 
bedding, and asphalt filler (penetration 57). 

These pavements were in nearly perfect condition 
although they had received no maintenance except at 
a few locations where failures in the base, brought on 
by the unusual, unstable subgrade, had occurred. 

Sulphur Springs, Tex—Better subgrade conditions 
than at Greenville. Paved streets carry traffic occa- 
sioned by surrounding rich agricultural area (fig. 15). 











Approximately 60,000 square yards of 214-inch brick 
were laid on Main Street and Square during 1915. The 
construction was 4-inch concrete (1:7 pit-run gravel) 
base, 1-inch sand bedding, and asphalt filler (penetra- 
tion 57). 

The condition of these pavements was nearly perfect; 
very few brick had broken and very little cobbling had 
taken place. They had received no maintenance ex- 
cept on a short portion of Main Street where additional 
asphalt filler had been recently applied. 


Connolly Street paved with 3-inch brick during 1915 
appeared to be in no better condition than the 24-inch 
brick laid during the same year. 


Tyler, Tex.—This city is located in the iron-ore belt. 


| The soil should make a very stable subgrade for any 


type of pavement. The traffic on some of the strreets 
is fairly heavy. 

A considerable number of 3-inch brick were laid dur- 
ing 1920 on a natural soil base and some on old water- 


bound macadam surface. Both types of pavement 


were in nearly perfect condition, although they had 
had no maintenance prior to the date of inspection. 





DetaIL VIEW OF 
THE 2144-INcH REPRESSED Brick SurFAcE Larip 1905-06 


Fic. 14.—Main StreET, GREENVILLE, TEX. 


When the inspections were being made 140,000 square 
yards of 21-inch brick pavement was being laid on 
several streets of the city, the new pavements being 
laid on 4-inch concrete (1:6 pit-run gravel) base, with 
a 1-inch sand bedding and asphalt filler. 


The Cotton Belt Railroad has built 24-inch brick 
pavements on 6-inch concrete base along the unloading 
tracks in its freight yards. 

Temple, Tex.—This city is in the black waxy soil area. 
The surrounding country is a rich, agricultural district 
and traffic on many of the city streets is heavy. 

Approximately 40,000 square yards of 24-inch brick 
were laid on Main and other streets during 1915. The 
construction was as follows: 4 to 5 inches of concrete 
(1:8 pit-run gravel) base, l-inch sand bedding and 
asphalt filler. The condition of these pavements at the 
time of the inspection was good, although some failures 
had occurred in the bases apparently from bad subgrade 
conditions (fig. 16). 

From 1923 to 1925, 60,000 square yards of 24-inch 
brick were laid, the construction being the same as in 
1915, using the 4-inch concrete base on residential 
streets and 5 inches on business streets. 





September, 1926 


PUBLIC ROADS 








SERKINS. 








Fie. 15.—Pusiic Square, SuLpHuUR Sprinas, Tex. Two anp One-Hatr-Incu Brick Laip 1n 1915 on a 4-INcH ConcRETE 
Bask with 1-IncwH Sanp Breppine AND ASPHALT FILLER 


Prior to 1923 some of the pavements constructed 
were built of 3-inch brick; since then only the 21-inch 
size has been used. No difference in the condition of 
streets paved with the 3 and 2% inch brick was appar- 
ent at the time of the inspection. 

Fort Worth, Tex.—This city is using 21-inch brick 
on residential and outer business streets. The con- 
struction is 5-inch (1:3:5) concrete base, 1-inch sand 
bedding and asphalt filler. 

Victory Boulevard was paved during 1925 with 214- 
inch brick, laid on a 5-inch (1:35) concrete base 
with l-inch (1:4 cement-sand) bedding and asphalt, 
filler (penetration 57). This street has a very heavy 
truck traffic to and from the wholesale district of the 
city. The condition of the pavement was nearly 
perfect when inspected and no ill effect of the heavy 
truck traffic was visible. 

Okmulgee, Okla.—A great deal of oil field traffic is 
carried over the city streets. The old brick pavements, 
in particular, have been subjected to a large amount of 
steel-tired traffic. 

From 1916 to 1923, 220,000 square yards of 214-inch 
brick was laid on 41% to 5 inch (1:3:5) concrete base, 
with 114-inch sand bedding and asphalt filler. Most of 
these pavements were in good condition when inspected 
and had required no surface maintenance. The portion 
built during 1916 was of a local and inferior brick and it 
had cracked and cobbled badly. 








About 30,000 square yards of 3-inch brick was laid 
during 1921. None of this size has been laid since. 

Henryetta, Okla—The streets in this city carry heavy 
traffic to and from the surrounding oil and coal fields. 

During 1918, 1920, 1922, and 1923, 200,000 square 
yards of 24-inch brick were laid on 5-inch (1:3:5) 
concrete base, with 1l-inch bedding and asphalt filler. 
These pavements were in perfect condition and had 
received no surface maintenance. 

About 25,000 square yards of 3-inch brick were laid 
during 1917. This portion had been refilled with 
asphalt; and no brick of this thickness had since been 
laid. 

Wetumka, Okla.—The streets carry heavy oil and 
cotton traffic. 

About 12,000 square yards of 3-inch brick and 50,000 
square yards of 24-inch were laid during 1924 and 
1925. The construction was: 5-inch (1:3:5) con- 
crete base, 1l-inch sand bedding and asphalt filler 
(penetration 55). An excessive quantity of filler was 
used during construction and was still on the surface 
when inspected. Shoving and peeling of this mat will 
very likely cause a rough surface. 

Okeemah, Okla.—The principal streets carry heavy 
traffic from the surrounding oil fields. 

About 35,000 square yards of 2'%-inch brick were 
laid during 1920. The construction was: 5-inch 
(1:3:5) concrete base, l-inch sand bedding, grout 
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MaINn StrEEtT—214-Incu Brick on A 5-INcH CONCRETE BASE, 
1-Incn Sanp Bepping anp ASPHALT FILLER 








Bass, 1-IncH SaAnp BEeppiIN@ AND ASPHALT FILLER 


Fic. 16.—Conpirron or Brick Lar at Tempe, Tex., 1n 1915 
ON MAIN STREET AND A RESIDENTIAL STREET 


filler on a portion of Main Street and asphalt on the 
other pavements. ‘These streets were in nearly perfect 
condition when inspected in February 1926 (fig. 17). 

Oklahoma City, Okla.—About one-half mile of 18-foot 
pavement was laid with 24-inch brick during 1918. 
This pavement is on the main entrance to the city and 
carries very heavy traffic. The construction was: 
4-inch (1:3:6) concrete base with monolithic 4-inch 
concrete curbs, 1-inch sand bedding, and asphalt filler. 
It was in nearly perfect condition, there being very few 
broken bricks and very little cobbling. It had had no 
surface maintenance (fig. 18). 


Oklahoma County, Okla.—The county is building 5 
miles of 18-foot brick pavement using 24-inch brick on 
the same approach to Oklahoma City. The construc- 
tion is: 5-inch (1:3:5) concrete base with 6-inch 
monolithic curbs. The base is being built with a 
floated finish, and 1l-inch asphalt-filled transverse 
expansion joints are being put in the base about every 
40 feet. A three-fourth inch thickness of sand bedding 
is used. 

Ponca City, Okla.—Streets in this city have unusually 
heavy traffic because of the large oil and refining 
industry which centers in and around the city. The 
main streets are said to have greater traffic than any 
other city streets in Oklahoma. 

Only 21-inch brick have been used in this city, and 
of these about 500,000 square yards have been laid 
since 1919, including 50,000 square yards on Main 
street during 1919, 38,000 square yards during 1921 








on an old 7-inch macadam surface, and 4,000 square 
yards on a new 7-inch macadam during 1924. All 
these pavements were in almost perfect condition and 
had had no maintenance up to the date of the inspec- 
tion. 

Prior to 1921 the pavements were laid on a 1:5 
cement-sand mortar base. For this, in the pavements 
built during 1921 and later, there has been substituted 
a 4-inch (1:3:5) concrete base. In all pavements the 
bedding course has been 1 inch of sand, and the filler 
has been 39-penetration asphalt. These have been 


wi 





Iie. 17.—Detait View SHOWING CONDITION IN FEBRUARY, 
1926, or THE 214-INcH Brick Laip at OKBEEMAH, OKLA., IN 
1920 on a 5-INcH ConcrEetTE Bask witH Grout FILLER 





Fig. 18.—Derrait View oF THE CONDITION IN FEBRUARY, 1926, 
or THE 214-IncH Brick Laip on THE Main APPROACH TO 
OKLAHOMA City. THE Brick wreRE Larip IN 1918 ON A 
4-IncH (1:3:6) ConcrmTe Base anv 114-IncH Sanp Berp- 
DING WITH ASPHALT FILLER 





used with the macadam bases also. In preparing the 
old macadam a certain amount of shaping was neces- 
sary. 

Tonkawa, Okla.—This city is in the oil-field area and 
the principal streets have very heavy traffic. About 
35,000 square yards of 2%-inch brick were laid during 
1919 on Main Street and about 75,000 square yards of 
the same size were laid during 1922 and 1924. The 
portion built during 1919 was laid on a 4-inch (1:4 
cement-sand mortar) base, with 14-inch sand _ bed- 
ding and 1:3 grout filler. Asphalt was used as a 
filler in the later work. Expansion joints were placed 
in the surface every 20 to 30 feet. No difference in the 
condition of the grout-filled and asphalt-filled surfaces 
was apparent (fig. 19). 


Blackwell, Okla—There is heavy traffic on all the 
principal streets. 
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About 114 miles south of the city on the main high- 
way north and south, 1,000 linear feet of 18-foot 
frozen concrete pavement was surfaced with 21-inch 
brick during 1920. This surface is in perfect condition. 

Two hundred thousand square yards of the same 
size brick were laid during 1914, the construction 
being 4-inch (1:5 cement-sand mortar) base, 1-inch 
sand bedding and cement-grout filler. Transverse 
expansion joints were put in the grout-filled surface 
every 40 feet. 

During and since 1922, 125,000 square yards of 
2¥%-inch brick have been laid, and in this construction 
asphalt (penetration 39) has been used in place of 
grout as a filler. 

All these surfaces were in excellent condition when 
inspected, very few broken brick being noted. 





3 a 
Fie. 19.— Detain View or 2%-Incn Brick Larp DuriIna 
1919 on Main Strept, TONKAWA, OKLA. THE PHOTOGRAPH 
SHOWS THE CONDITION OF THIS PAVEMENT IN FEBRUARY, 
1926. 
114-Incu Sanp Beppine with Grout FILLER 


Texarkana, Tex.—Approximately 30,000 square 
yards of 214-inch brick were laid on the important 
streets during 1922. The construction was 6-inch 
concrete base, 34-inch sand bedding and _ asphalt 
filler of penetration ranging from 54 to 45. An ex- 
cessive quantity of filler was applied on practically all 
of this construction, the asphalt mat on many streets 
having a thickness of as much as one-half inch. Some 
peeling and shoving of this material has occurred in 
places, and further difficulties arising from this condi- 
tion may be expected to occur for a long time. 


A large number of 3-inch brick have been laid on 
6 and 7 inch compacted gravel base. A thick mat of 
asphalt filler similar to that found on the thin brick 
pavement covered the surface at the time of inspection 
and similar peeling and shoving were observed. 


All the brick pavements in this city have been laid 
during the last four years. At the time of this inspec- 
tion there was nothing to indicate that the thinner brick 
was giving any less satisfactory service than the 3-inch 
type. 

Omaha, Nebr.—This city laid 214-inch brick on 
Parker Street during 1915. The construction was: 
5-inch (1:3:6) concrete base, 11-inch sand bedding 
and asphalt filler. 


This street carries residential traffic. The surface 
was found to be in excellent condition, very few breaks 
and very little rounding having taken place. The only 
maintenance required prior to the inspection was 
occasioned by three blow-ups occurring in the base. 


Ir was Larp on a 4-InNcH Mortar (1:4) Base anp 





THE INDICATIONS OF THE FIELD STUDY SUMMARIZED 


A steady growth in the use of brick of less than 3-inch 
depth is shown by the field survey. Numerous com- 
munities were found which have adopted the thinner 
brick for use on some or all of their streets. Although 
the earlier work may be classed as experimental, as 
indicated by the small quantities put down and by the 
type of street selected for paving, subsequent paving 
with the thin brick in larger quantities and on streets 
carrying heavier traffic may well be taken as an expres- 
sion of the satisfaction of the community with pave- 
ments of this type. 

Table 9 shows a summary of data from some of the 
cities covered by the field survey in which brick of less 
than 3-inch thickness are used almost exclusively, which 
indicate these tendencies. 

The pavements built with 244-inch brick, in most 
cases, were in good condition. In a few localities 
failures had occurred in the base causing displacement 
in the brick. It was particularly noted that in such 
cases displacement in the brick had taken place without 
breakage. This was found to be true also for the brick 
over transverse and longitudinal cracks. Extreme 
cases of base failures with effect on the brick are shown 
in Figures 20 and 21. 

In general, the brick surfaces were found to have had 
very little maintenance, except at places where failure 
had occurred in the base. A portion of the brick 


pavement laid on Main Street, Henryetta, Okla., 
during 1917, was refilled with asphalt during 1925, as 
the original filler had been largely carried away by 
Oklahoma enforces the five-year maintenance 


traffic. 





Fig. 20.—Conpition or 244-Incu Brick Surrace Laip at 
GREENVILLE, TEx., IN 1914, as 1r APPEARED IN FEBRUARY, 
1926. DISPLACEMENT OF THE BRICK HAS OCCURRED OVER A 
Base Faiturge Witsout BREAKING THE Brick 


clause on new paving work, yet the larger paving 
contractors declared, without exception, that no allow- 
ance is made or need be made in the estimated cost of 
a paving job to cover a difference between maintenance 
costs of 24-inch and 3-inch brick. 

It was found that excessive quantities of asphalt 
filler had been used in many sections of brick pavement. 
In one locality the excess covered the brick with a 
thickness of as much as one-half inch. Pavements 
where an excess of asphalt had been used were very 
rough, and will probably continue to be unsatisfactory 
for a long time. The importance of limiting the 
quantity of asphalt filler to that required to fill the 
space between the brick was strikingly illustrated by 
the unsatisfactory condition of such pavements, a 
typical example of which is shown in Figure 22. 
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TABLE 9.—Summary of data of the field survey 




















{ 
|'Thick- | |Character 
Location _ ness of A al airy Year laid |ofstreets | Remarks 
brick uu an | paved 
|Inches Sq. yds. | 
Greenville, Tex - 214| Repressed_| 12, 000 1905-06 | Main__. First brick to 
| be laid flat. 
DO. sens 2%] Wire-cut | 90,000 1914 M ain | No3-inch brick 
vertical and res- laid. 
fiber. iden- 
| tial.= 4 
Sa lap neater 234\_ 2200s eee | 60, 000 1915 estd0see 
Springs, Tex. 
Dosetase= = 3. |k=-dOeese~ te) 1915 ---do_---| No 3-inch brick 
| laid since. 
Tver, Lb 6ka ase here eee(o Ko eo 40, 000 | 1920 AOE = Do. 
WoL seseaea 214|..-do_-_-___.|140, 000 | 1925 e dosea. 
Temple, Tex-- 3, | 2do0n =a) Ow Betorals23uiee done Do. 
OSE oases 214|_..do_---..|100, 000 | 1915-1925 |___do_--- 
Okmulgee, Okla 214|_.-do__--__/220,000 | 1916-1923 |_.__do__-- 
OS Ss. 2 3. Az 2 dQl See | 30, 000 | Before 1921 |__-do---- Do. 
Henryetta, Okla 34 (2 dosnase-|) 2050007) 1917 Main_-_-_ Do. 
Onssede- ee { 24%4|__.do_-____!200,000 | 1917-19283 | Main 
| | | and res- 
| iden- 
| tial. 
Wetumka, Okla. Se ee Os =e ee 2,, 000 1924-25 | Main-_-_- 
ote 24|__.do__ =| 50,000 | 1924-25 | enviar 
| | tial. 
Okeemah, Okla_ 2Y6|_-200=——-. =| 35;,000 } 1920 | M ain } No3-inch brick 
| | andres-| laid. 
| | iden- 
| | tial. 
Ponca, Okla___- 214| = dos. 500, 000 | 1919-1925 |__-do_--- Do. 
Tonkawa, Okla Dele dOnt \110, 000 | 1919-1923 |_..do_-_-- Do. 
Blackwell, Okla 2% == -d02— 2521326, 000 | 1913-14 tae Oe Do. 








1 Not known. 





Fia. 21.—Tue Bast FarInurE SHOWN IN THIS PHOTOGRAPH IS 


ON A RESIDENTIAL STREET OF TEMPLE, Tux. THE Brick 
WeERE Larp 1n 1915 on a 4-INcH ConcrEeTE Bass. THIS 
PAVEMENT IS IN THE BuAcK Waxy Sort AREA. NOTE THAT 
DISPLACEMENT OF THE BricK HAS OccURRED WITHOUT 
BREAKAGE 


Some changes in the construction features of brick 
pavements have occurred since the earlier pavements 
were laid. The bedding course of the early surfaces 
was found to range in thickness from 114 to 2 inches 
laid on a rough base. Later construction shows, 
generally, that a 34-inch bedding has been used on a 
smoothly finished base. In a few localities very fine 
sand had been used for bedding, but, because this type 
of sand shows a tendency to work up between the 
brick and because of loss through cracks in the base, 
coarser sand has been substituted as being more 
satisfactory. 


The field survey showed that, in general, brick laid 
on a thin bedding course with a smoothly finished base 
maintained a smoother surface than those laid with a 
greater depth of sand on a roughly finished base. 

The research of the last few years has proved that the 
destructive effect of motor-truck impact is greatly re- 
duced by the construction of smooth pavement surfaces. 








The continued perfect alignment of the finished brick 
surface is dependent to a large degree, particularly on 
heavy traffic thoroughfares, on the smoothness with 
which the base course is finished and the resulting 
uniformity of thickness and compaction of the bedding 
course. Any slight increase in the construction cost for 
the purpose of obtaining this condition will be more 
than justified by the potential increase in the life of 
the pavement. 





Fic. 22.—Tuet ImporTANCE oF LIMITING THE QUANTITY OF 
ASPHALT FILLER TO THAT REC UIRED TO FILL THE SPACES 
BETWEEN THE Brick Is ILLUSTRATED BY THE CONDITION 
or THIS 214-INcH Brick PAVEMENT IN TEXARKANA, TEX. 
THE PAVEMENT was Larp In 1922 


Cement-sand- grout filler was found to have been 
used in the construction of some of the earlier brick 
pavements. Some of these were built with expansion 
joints in the brick surface, but in the majority of cases 
the joints have been omitted. The need for expansion 
joints with this type of filler was evidenced by the scal- 
ing in the surface of the brick on many of the pave- 
ments in which no expansion joints had been provided 
in the surface. 


A wide range in the type and construction of base 
used was noted in the survey. Concrete ranging from 
4 to 6 inches in thickness and largely of 1:3:5 pro- 
portion was found to have been used extensively in the 
area covered, while old and new macadam had been 
used satisfactorily in many instances. One city in the 
iron-ore belt was utilizing the iron-ore soil with en- 
tirely satisfactory results as base for brick pavements. 

The successful use of these widely different types of 
base indicates that there is a wide range of possibili- 
ties in base construction. Any material which remains 
stable at all times would appear to make a satisfactory 
base for a brick pavement. It is evident that these 
requirements may be met in many cases by base con- 
struction of the less rigid type. As the function of the 
base is primarily to support the allowed wheel loads 
without appreciable vertical displacement, any type of 
construction that will meet this condition is satisfac- 
tory. An old macadam or other type of surface that 
has proved stable under traffic should prove entirely 
satisfactory as a base for brick. 


In a majority of the locations covered in the field 
study no distinction was found to have been made in 
the base construction for brick of different thickness. 
One exception was noted where 3-inch brick had been 
laid on a compacted gravel base while concrete had 
been used for the 214-inch thickness. In this case and 
in others where difference in the base construction had 
been made with the use of brick of different thickness 
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nothing was found in the condition of the pavements 
that would indicate the need for any variation in base 
construction for the different thicknesses of brick used. 

Traffic—aA considerable number of the towns visited 
were located in the center of oil fields and as a result 
severe traffic conditions obtained on the more impor- 
tant streets. Formerly there was a considerable per- 
centage of heavy steel-tired vehicles which have prac- 
tically been superseded by heavy motor trucks. Al- 
though traffic records were not available for study it is 
believed that the traffic on the important streets of 
the cities visited was more severe than that on the 
streets of many of the larger cities. 

A great deal of importance is attached, and properly 
so, to the views and experience of resident engineers 
and officials familiar with the use of brick under 3 
inches in thickness. All of the officials interviewed 
from those sections of the country where brick of less 
than 3-inch thickness is being used expressed them- 
selves as favorable to the use of the thinner brick, some 
with and others without limitations as to the type of 
street and traffic. Many maintained that 21-inch 
brick would prove equally as satisfactory as the 3-inch 
thickness under all conditions, and others believed 
that the 24-inch type should be limited to use on resi- 
dential and outlying business streets. 

The views of three prominent engineers who are in- 
timately connected with the use of thin paving brick 
are expressed as follows: 


Herman Beal, City Engineer, Omaha, Nebr.—I have com- 
pleted an investigation of a pavement in the city built during 
1915 with a 24-inch surface. The following information being 
available: 

Pavement on Parker Street between Twenty-ninth Street and 
Thirty-third Street, 30 feet wide, containing 5,360 square yards. 
Base 5 inches concrete, 1:3:6 mix. Bituminous filler. 

This pavement is in excellent condition, the brick showing 
practically no wear and the surface, with the exception of one 
or two expansion bulges, being exceptionally good. The traffic 
on this street is what might be classed as medium, although oc- 
casionally heavy truck loads are hauled thereon. 

2 ce 23 is a detail view of the pavement described by Mr. 
eal. 

E. A. Kingsley, City Engineer, Dallas, Tex.—We have used 
3-inch vertical fiber brick for a number of years, and are using 
in our heavy traffic industrial district this character of brick in 
paving some of our new work this year. Our first 3-inch vertical 
fiber brick was laid on Market Street during 1919. This pave- 
ment has extremely heavy downtown industrial traffic of both 
the rubber and steel tired type. We have no trouble from break- 
ing or cracking under traffic of the 38-inch brick. We have found 
that this brick carries traffic equally as well as did the old 4-inch 
block laid on edge. We can discover no reason in studying the 
wear and service given by the 3-inch brick which would suggest 
to us that a 34-inch or 4-inch brick might be better. 

Dallas is perfectly satisfied with its heavy-traffic service on the 
3-inch vertical fiber brick, and from experience that neighboring 
cities have had with the 21-inch brick, we believe that this 
should be specified for the lighter traffic and residential districts. 

D. Lewis, Cuy Engineer, Fort Worth, Tex.—This city has been 
laying 21% and 3 inch vertical fiber brick with asphalt filler on a 
cement-sand cushion laid on a concrete base. We have found 
this type of paving to give excellent results. 
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MANUFACTURE OF THIN BRICK PRACTICABLE 


The manufacture of brick as thin as 21% inches is 
accomplished without particular difficulty. Some loss 
from warping was said to have occurred when brick of 

















this thickness was first manufactured. Later changes 
in the manufacturing process, particularly in the burn- 
ing, have made this loss negligible at the present time. 
The brick manufacturers in the sections of the country 
where the thinner brick are being used, were found to 
be favorable to the manufacture of the 21-inch type. 
The manufacture of brick with 2-inch thickness was 
believed by some to be impractical because of the loss 
occurring from warping during burning. 

Reduction in the cost of a brick pavement built of 
thin brick is the result of decreased cost of such items 
as manufacture, transportation, handling on the job, 
and saving in the filler material. 





Fic. 23.—Detait View or 214-Incw Brick Lamp oN PARKER 
STREET, OMAHA, IN 1915, DescriBED BY HerMAN BEAL. 
Tue Brick WERE Larp on A 5-INcH CoNcRETE Bass (1:3:6) 
with Biruminous Fitter. THe PHorograrpH SHOWS THE 
ConDITION OF THESE Brick IN 1926 Arrpr 11 Years UNDER 
Mepium TRAFFIC 


Based on the cost of a 3-inch pavement the saving 
in materials and costs for each %-inch reduction in 
thickness would be approximately as follows: 
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AN INSTRUMENT FOR THE MEASUREMENT OF 
RELATIVE ROAD ROUGHNESS 


DEVELOPED BY THE UNITED STATES BUREAU OF PUBLIC ROADS 


O ARGUMENT is needed to convince the user 

of our roads of the desirability of as smooth a 

surface as can be produced. A rough surface 

gives rise to effects unpleasant to the passenger and 

detrimental to the vehicle. Smooth surfaces mean 

greater mileage with less fatigue, with less damage to 

cargoes, and with lower operating costs for the vehicle. 

Thus the subject assumes a very considerable economic 
aspect. 

The highway engineer is vitally interested in building 
and maintaining smooth roads because of the effects 
already mentioned and further on account of the direct 
effect of surface roughness on the life of the pavement. 
The research of the last few years has clearly pointed 
out that road roughness produces impact and impact 
contributes to the early deterioration of any type of 
road surface. So convincing has been the evidence of 
this fact that State highway engineers have expressed 
the belief that smoothness is the most important 
quality to be sought in road surfaces. 

The general appreciation of the importance of this 
matter by highway engineers has created a demand for 
an instrument with which the roughness of a road 
surface may be measured. With such an instrument 
the engineer would find it possible to specify the quality 
demanded in new work and to obtain accurate data 
on the deterioration of the surface in time to apply 
proper corrective measures. ‘To be most useful such 
a device should not only be accurate but should supply 
the information rapidly and in such form that it can 
be used immediately. Finally, it should be mechani- 
cally simple and reliable and so designed that it can 
conveniently be used on an automobile. 

Several devices have been offered from various 
sources to meet the demand. The Bureau of Public 
Roads experimented with a number of designs over a 
period of several years and finally, in May, 1925, 
developed one which when then used in the vicinity of 
Washington, D. C., appeared to be better in several 
respects than other available instruments. 

Subsequent use of this type of instrument over a 
considerable period of time in several States by a 
district engineer of the bureau indicates that it is 
entirely satisfactory for the purpose. It is, therefore, 
with considerable confidence in the worth of the instru- 
ment that a description is now presented. 

There are a number of ways in which the roughness 
of road surfaces may be indicated by an instrument 
attached to a vehicle, but the fundamental principle 
upon which all of them depend is that the vertical 
motion imparted to the vehicle by the irregularities in 
the road surface bears a direct relation to the degree of 
roughness. In order that the effect of this motion 
upon the chassis of the vehicle may be minimized, 
body springs and rubber tires are provided, the de- 
flection of which absorbs much of the undesirable 
vibration. The magnitude of these deflections depends 
not only on the magnitude of the road roughness but 
also on the speed of the vehicle, amount and distribu- 
tion of the load, and the type and condition of the 
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spring and tire equipment. By maintaining constant 
all of these other conditions, the deflection of the body 
springs may be made to measure the relative roughness 
of the riding surfaces over which the vehicle is driven. 
This fact furnishes the principle on which the relative 
roughness determinator or roughometer, as it has been 
called, operates. 


THE RELATIVE ROUGHNESS DETERMINATOR 


Briefly, the roughometer consists of a rack which is 
attached in a vertical position to the front axle of the 
vehicle. Meshed with this rack 1s a spur gear which is 
supported by the frame of the car. Movement of the 
front axle with respect to the chassis, caused by de- 
flection of the body springs, thus produces translation 
of the rack and rotation of the gear. This gear is con- 
nected through a flexible shaft to a mechanical counter 
on the instrument board of the automobile. Deflection 
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Fic. 1.—DIAGRAM OF THE RELATIVE ROUGHNESS DETERMINA- 
rok MountTEep ON AN AUTOMOBILE 


of the front springs of the vehicle thus ‘causes: the rota- 
tion of the spindle of the counter. In order that this 
spindle will not rotate in the reverse direction when 
the body springs return from their deflected position a 
ball clutch is interposed between the gear mentioned 
and the flexible shaft which operates the counter. This 
ball clutch allows the flexible shaft to turn in only one 
direction so that the counter operates only during 
deflection of the body springs and thus records the 
summation of these deflections during the time the 
instrument is in operation. 

Before proceeding to a detailed description of the 
instrument it may be desirable to call attention to 
certain of its distinctive features, which are: 

1. It can be attached to any automobile without impairing 
the appearance or the normal operation of the vehicle. 

2. The data are presented as abstract numerical factors 
which can be used immediately. 

3. Satisfactorily accurate data can be obtained at normal 


highway operating speeds so that there is no interference with 
or from traffic. 

4. The instrument can be thrown completely out of operation 
we not in use, thus preventing excessive wear of its moving 
parts. 
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DETAILED DESCRIPTION OF THE INSTRUMENT 


Referring to Figure 1, which shows how the instru- 
ment is mounted on an automobile, it will be seen that 
it consists of two distinct parts; that is, the rack and 
ball-clutch mechanism which is mounted on the engine 


block or chassis of the car, and the recording mechanism 


which is permanently mounted on the instrument dash. 
Figure 2 shows these two parts complete but not 
mounted on the automobile. 

In Figure 3, which is a detailed drawing of the entire 
mechanism, A is a plan of the instrument, looking 
down, with the rack and ball-clutch mechanism at the 
left and the recording mechanism at the right; B is a 
sectional view of A, the section being taken along the 
vertical longitudinal center line of the rack and ball- 


clutch mechanism, through the flexible cable and 


through the miter gears which drive the recording 
mechanism; C shows the end or side view of the rack 
and ball-clutch mechanism, and when mounted this 
side would be next to the radiator of the automobile; 
D is the front view of the recording mechanism as 
secured to the dash and as it appears to the operator; 
E is a vertical cross section through the ball clutch; 
F gives details of the latch which meshes the rack and 
gear and is controlled by the pull-out, throw-over 
handle located over the recording mechanism on the 
base plate of the instrument. The upper view shows 
the latch closed (rack and gear meshed); the center 


view shows the latch half open; and in the lower view 


the latch is open (rack and gear out of mesh, and the 
instrument not in operation). 

The following is a detailed description of the instru- 
ment, in which the various parts are referred to by 
numbers as shown in Figure 3: 


A metal frame (1) is supported by a suitable bracket, attached 
by screws (2) to the engine block or some other part of the chassis. 
(Fig. 1.) Through this frame passes a vertical] rack (8), which is 
attached to the front axle through a rod with flexible couplings 
as shown in Figure 1. Any vertical movement of the axle with 
respect to the chassis thus causes this rack to move up or down. 

Attached to and pivoted near the bottom of the stationary 
frame (1) is a movable metal frame (4) which is made in two 
pieces to facilitate casting and is secured at the bottom with cap 
screws (5) and at the top with a spacer rod (6). 

At the center of the movable frame (4), carried in metal bear- 
ing boxes (7), is a hardened steel shaft (8), and through the middle 
of this shaft is a hoie for lubrication, the oil being supplied by an 
oil reservoir in one bearing from oil cup (9). The steel shaft (8) 
has made with it a ball race which is ground to the proper dimen- 
sions after the steel is hardened. 

On the shaft (8) next to the baJ] race is a hardened steel gear 
(10), and fastened to this gear by six screws surrounding the ball 
race is the hardened steel ball-ciutch housing (11). This housing 
carries the steel balls (13); which are held in the housing and in 
rive against the bail race by springs (13) and small screws 

The hardened steel] gear (10) meshes with the vertical rack (3) ; 
consequently, any vertical movement of the rack is transmitted 
to the gear (10) and, by virtue of the bail-clutch housing (11) 
being fastened to the gear (10), the movement of the rack (3) 
causes rotation of the ball race or rotor and the steel shaft (8). 
The ball clutch will lock when the rack moves upward and release 
when the rack moves downward, yet, unless the shaft (8) is beid 
so as to make the bail clutch release, it will simply rock back 
and forth. To prevent this friction is applied to shaft (8) by a 
brake wheel (15) which is held to the steel shaft by a set-screw, 
the braking friction being appiied by a steel cable (16) that is 
secured around the spacer rod (6) at one end and is tightened by 
means of a thumb-nut (17) at the other end. Thus shaft (8) 
moves only in one direction, that in which the bail clutch locks. 

At the end of the steel shaft (8) opposite from the oil reservoir, 
a flexible steel speedometer cable and housing (18) is attached. 
This cable transmits any movement of the steel] shaft (8) to the 
recording mechanism. The recording mechanism or instrument 
is attached to the dash of the automobile within reach and in 
clear view of the operator. It consists of a base plate (19) and 





a mechanical set-back counter (20) which records the movement 
transmitted by the speedometer cable through a pair of miter 
gears (21) that are covered by a housing (22). The vertical 
movement of the rack (3) thus appears as a numerical factor on 
the mechanical counter. 

At the top of the recording mechanism is a pull-out, throw- 
over handle (23). This handle is connected to a rod (24) fitted 
with a universal joint at each end, and controls the latch (25). 
When the handle (23) is turned 180 degrees at the recording in- 
strument (from left to right) the latch (25) is extended, freeing 
gear (10) from rack (3) and putting the entire instrument out of 
operation. The dotted lines shown in Figure 3, C indicates the 
amount of movement necessary to do this. 


Figure 4 shows the instrument completely disassem- 
bled, and in this figure attention is called to the sim- 
plicity of the various parts. Figure 5 shows the rack 
and ball clutch mounted under the hood of an auto- 
mobile. This view shows the side opposite to that 
shown in Figure 2, and brings out clearly the details of 
the friction brake on the ball clutch. 


USE OF THE INSTRUMENT IN THE FIELD 


The various parts of the instrument are so designed 
that a movement of the rack of one inch records one 
unit on the counter. While it is possible to calibrate 
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Rack AND Bauu-CLutcH MrErcHANISM AND THE 


Fig. 2.— THE 
Recorpinag MrcuHanismM, Complete But UNMOUNTED 


the instrument in terms of absolute surface profile, this 
calibration is difficult and of no practical value. The 
purpose of the instrument is to indicate the relative 
roughness of various surfaces or the changes in rough- 
ness of the same surface over a period of time. It is 
only necessary, therefore, to standardize the speed, load, 
spring, and tire conditions of the vehicle on which it is 
to be used and the device will be ready for service. 
Care should be taken to check the tire inflation fre- 
quently and obviously the speedometer on the car 
should be maintained in first-class condition. 

Any normal operating speed may be used; but what- 
ever the rate decided upon it should be maintained 
throughout the test, and the same speed should be used 
in comparative tests. It is desirable, therefore, to so 
set the speed that it can be maintained without inter- 
fering with or interference from the other traffic on the 
road. Table 1 gives values obtained on a section of 
pavement 1% miles in length at three speeds. This 
table illustrates not only the effect of speed on the 
magnitude of the factor obtained but also the con- 
sistency of the results obtained on several runs over 
the same road. 
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Fig. 3.—DerraiIts OF THE RELATIVE ROUGHNESS DETERMINATOR 
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TABLE 1.—Roughness factors obtained in operation over a section 
of pavement 11% miles long 
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From these data it will be seen that the maximum 
deviation of any reading from the average of the group 
is considerably less than 2 per cent. It will also be 
noted that the increase in the roughness factor is a most 
directly proportional to the increase in speed. 

The curves in Figure 6 indicate the relation between 
the speed of the vehicle and the magnitude of the 
roughness factor for two different vehicles equipped 
with different types of tire equipment. The parallel 
curves were made with the same car on the same length 
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Fig. 4.—Tue INnstrumMenT DISASSEMBLED, SHOWING SIM- 
PLICITY OF THE VARIOUS PARTS 


of road but running in opposite directions. One test 
was made near Washington, D. C., the other near 
Chicago, Ill. 

The significance of these curves lies in the fact that 
they show a definite relation between the speed of the 
vehicle and the magnitude of the roughness factor. 
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the consistency of the instrument. 


‘follow the same wheel path. 
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This relation will not be the same for different sets of 
equipment and should be determined for those test 


/ conditions which have been selected as standard for the 


equipment used. 
Figure 7 shows graphically some data which indicate 
The car was driven 
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Fig. 5.—Tue Rack anp Batt CLtutcH MounteED ON AN AUTO- 
MOBILE 


over 6 miles of pavement and readings were taken 
every half mile. The test was repeated and although 
the car was driven in the same direction over exactly 
the same length of pavement no attempt was made to 
The readings at the 
half-mile intervals are plotted as ordinates on the 
chart. Although there is a wide variation in the 
roughness of the different half-mile lengths, the readings 
on the instrument check very well at the various points. 
The total readings, 1. e., the sum of the readings for 
the 12 half-mile lengths as obtained on the two test 
runs, check within 2 per cent. These data are repre- 
sentative and were selected so as to present a fair 
example of the consistency of the instrument. 

The effect of the load in the car or of the type and 
condition of the body springs is of considerably less 
importance but should receive attention as there is no 
doubt that. they do affect the results obtained. Tire 
size, type, and inflation pressure are very important 
and every effort should be made to keep these constant 
on all tests the results of which are to be compared. 


INTERPRETATION OF THE ROUGHNESS FACTOR 


The relative roughness of a road surface is indicated 
by an abstract number which is a measure of the total 
average accumulated compression of the two front 
springs of the vehicle in inches per mile. If the counter 
be set at zero at the beginning of a trip and the instru- 
ment is thrown into operation while the automobile 
traverses 1 mile of road surface, then the reading on the 
counter as the car completes this 1 mile of travel may 
be called the roughness factor for that particular mile 
of surface. Some idea of what a roughness factor of 
100, 200, or 300, means may be gained from the obser- 
vations following which are based on a heavy car driven 
at a rate of from 30'to 40 miles per hour. 
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Roughness factor: Motion of vehicle 
Less than 80___-_-_ No perceptible vibration. 
SO hol 1 0 Spee Slight vibration. 
110:toy 50 Meee Noticeable vibration and slight lurching. 
150)10:200 Saeeee Disagreeable vibration and noticeable 
lurching. 
20040 S00 32 eae Disagreeable lurching and somewhat 


dangerous for light cars at high speeds. 


The magnitude of the roughness factor obtained on 
various types and conditions of road surfaces has been 
shown to vary somewhat with the auxiliary equipment 
used with the roughometer. 
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SPEED-MILES PER HOUR 


Fic. 6.—EFrect or VEHICLE SPEED ON THE ROUGHNESS FACTOR 
AS DETERMINED WiTH Two DirFrERENT Cars, ONE EQuipPED 
Wits Corp TIRES AND ONE EqQuiprED witH BALLOON TIRES 


Measurements made in the vicinity of Washington, 
D. C., indicated a range of from 80 to 100 for very 
smooth pavements to from 250 to 300 for rather rough 
surfaces, while some results recently obtained in Cali- 
fornia with another instrument on another type of 
automobile range from about 60 for good concrete 
pavement to 250 for a rather rough oiled gravel. 


ROUGHNESS OF DIFFERENT ROADS COMPARED WITH 
ROUGHOMETER 


A brief discussion of some of the data obtained last 
year by one of the district engineers of the bureau may 
be of interest. Forty-eight sections of concrete pave- 
ment, comprising 412 miles, and five sections of bitumi- 
nous topped pavement, comprising 59 miles, were 
measured. ‘The average roughness factors found for 
particular sections of the two types were, respectively, 
141 and 193. The average roughness factor for con- 
crete pavements constructed prior to 1923 is 196, 
whereas that for those constructed during and since 
1923 is 115, showing that very great progress has been 
made toward constructing smoother pavements. 

Data on a section of pavement fairly typical of those 
constructed six or seven years ago are shown in Table 2, 
Se 3 shows similar data for a section constructed 
in 4, 


TABLE 2.—Roughness factors of 5 miles of concrete pavement 
typical of those constructed prior to 1920 
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TABLE 3.—Roughness factors of 13 miles of concrete pavement 
constructed in 1924 




















Rough- | Rough- 
Mile of pavement ness || Mile of pavement ness 

factor. || factor 
Wirst 226 ee oe 00." Ninth os. = Se See ee 85 
S6COnd We sae ee eee OO eDentie. 2. emer cee 5 ee eee 82 
EDIE toe ee ee Se S15) * Mleventhieee a) ee eee eee 81 
POUrth So 2 eae S4cl Twelfth ek oe. see een (hills) 102 
Pilg hee eee eee (hills) 102i ohirteent hese sean sees ae aoe 83 
Sixth Se ee eee 98 | ne 
Seventhess eee. ee ee 99 Average for 13 miles___- 89.3 
ighi ha aaen ee eee 84 | 





In each of three States it was noticed that the first 
mile constructed was generally the roughest mile in 
the section. The average roughness factor for the 
roughest mile in 48 sections in one State was 175 and 
of the smoothest mile 107, a difference of 68. This 
difference for 34 sections in another State was 65, and 
for 13 sections in a third State was 67. This would 
seem to indicate that very careful supervision should 
be exercised during the construction of the first mile 
of pavement laid and that as many first miles should 
be avoided as possible by awarding contracts early in 
the season and of such length as may require the entire 
season to construct. This well illustrates the im- 
portance of the roughometer or relative roughness 
determinator to the highway engineer. 

Table 4 presents data which show the greatly in- 
creased roughness in the first mile of construction. 


TapLle 4.—Roughness factors, by miles, on a 7-mile section of 
pavement, showing increased roughness in the first mile 
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UNITS PER HALF MILE 

















TOTAL UNITS PER SIX MILES 
RUN A @ 1329 
RUN B Xx 1304 
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Fig. 7.—REsutts or Test or ConsistENcY oF INSTRUMENT 
In Wuicu Two Runs WERE MADE IN THE SAME DIRECTION 
OVER THE SAME RoapD aT A SPEED oF 20 MixueEs pprR Hour. 
No AtTeEmpt was Mapr To FcLuuow THE SAME WHEEL PATH 


In general, it has been found that a pavement is 
smooth or rough all the way across, although in a 
number of instances a consistent difference between 
the right and left sides has been observed. Table 5 
presents data typical of such a case. 


(Continued on p. 151) 
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THE FLOW OF WATER THROUGH CULVERTS 


CONCLUSIONS FROM REPORT ON TESTS AT UNIVERSITY OF IOWA 


HE Bureau of Public Roads and the State Univer- 
a]: sity of Iowa have recently made a large number 
of tests of the flow of water through short 
conduits, such as pipe and box culverts and sluiceways 
under levees. These tests were conducted at the 
hydraulic laboratory of the university and have been 
reported on in Bulletin 1, University of Iowa Studies 
in Engineering, “The flow of water through cul- 
verts,” by D. L. Yarnell, drainage engineer, United 
States Department of Agriculture, in collaboration 
with Floyd A. Nagler, associate professor of mechanics 
and hydraulics, and Sherman M. Woodward, professor 
of mechanics and hydraulics, both of the University 
of Iowa. 

The investigations were undertaken primarily for 
the purpose of determining— 

1. The quantity of water that will flow through 
culverts or sluiceways under levees of different ma- 
terials, sizes, and shapes under conditions of actual use. 

2. What conditions tend to increase or decrease such 
quantity. 

3. What principles should be followed in design to 
secure the greatest discharging capacity for the least 
cost. 

The report describes the methods of making the 
tests and presents the experimental results together 
with the discharge formulas developed for the various 
culverts. 

The following conclusions are drawn from the results 
of 1,480 experiments on pipe culverts made of concrete, 
vitrified clay, and corrugated metal of the following 
sizes: 12, 18, 24, and 30 inches in diameter; and 1,821 
tests on concrete box culverts of the following sizes: 
2 by 2 feet, 3 by 3 feet, 4 by 4 feet, 4 by 3 feet, 4 by 
214 feet, 4 by 2 feet, 4 by 1 foot, and 4 by one-half foot. 

Tests were made on the culverts flowing partly full 
and full, both with a free and submerged outlet. Exper- 
iments were also run with various types of entrances. 


1. The discharging capacity of a culvert depends primarily 
upon the cross section of the culvert and the difference in water 
level at the two ends of the culvert. 

2. To obtain the maximum discharge the culvert must be so 
laid as to insure the full cross section of the culvert being filled by 
the flowing water. 

3. If the culvert is laid at too high an elevation with respect to 
the water levels at the two ends, it will not run full and hence 
will not attain its maximum capacity. 

4. If aculvert is so laid that both its upstream and downstream 
ends are completely submerged, the amount of water which it 
discharges will be proportional to the square root of the difference 
in water level at the two ends; and the exact grade at which the 
culvert is laid has no effect whatever upon its maximum discharg- 
ing capacity. 

5. The difference in water level at the two ends, called here- 
after the head on the culvert, is utilized in three ways—first, 
in overcoming friction around the entrance corner; second, 
in overcoming friction along the walls throughout the barrel of 
the culvert; third, in imparting the velocity necessary to the 
water in entering the culvert. The three portions into which 
the total head is thus divided are called for convenience entrance 
loss, friction loss, and velocity head, respectively. 

The following general conclusions numbered from 6 to 25, 
inclusive, are drawn from the results of the tests on the pipe 
culverts: 








6. The coefficient of roughness, n, in the Kutter formula for 
the concrete pipe ranges from 0.012 for the 12-inch size to 0.013 
for the 30-inch size. 

7. The coefficient of roughness, n, in the Kutter formula, for 
the vitrified-clay pipe] ranges from 0.010 for the 12-inch size to 
0.013 for the 30-inch size. 

8. The coefficient of roughness, n, in the Kutter formula, for 
the corrugated-metal pipe ranges from 0.019 for the 12-inch size 
to 0.023 for the 30-inch size. 

9. In concrete, vitrified-clay, and corrugated-metal pipe 
culverts, 30.6 feet long, with straight end-wall entrances: 

_ (a) The 12-inch concrete pipe with beveled lip end upstream 
discharges about 49 per cent more water than the 12-inch metal 
pipe. 

(b) The 18-inch concrete pipe with beveled lip end upstream 
discharges about 40 per cent more water than the 18-inch metal 


ipe. 

_ (c) The 24-inch concrete pipe with beveled lip end upstream 
discharges about 36 per cent more water than the 24-inch metal 
pipe. . 

(d) The 30-inch concrete pipe with beveled lip end upstream 
discharges about 32 per cent more water than the 30-inch metal 


pipe. 

(e) The 12-inch clay pipe discharges about 65 per cent more 
water than the 12-inch metal pipe. 

(f) The 18-inch clay pipe discharges about 50 per cent more 
water than the 18-inch metal pipe. 

(g) The 24-inch clay pipe discharges about 40 per cent more 
water than the 24-inch metal pipe. 

(h) The 80-inch clay pipe discharges about 30 per cent more 
water than the 30-inch metal pipe. 

The relative capacities of these culverts may also be expressed 
in the following terms which are mathematically equivalent to 
the above. 

(t) The 12-inch metal pipe has about 67 per cent of the carry- 
ing capacity of the 12-inch concrete pipe with beveled lip end 
upstream. 

(7) The 18-inch metal pipe has about 71 per cent of the carry- 
ing capacity of the 18-inch concrete pipe with beveled lip end 
upstream. 

(k) The 24-inch metal pipe has about 74 per cent of the carry- 
ing capacity of the 24-inch concrete pipe with beveled lip end 
upstream. 

(lt) The 30-inch metal pipe has about 76 per cent of the carry- 
ing capacity of the 30-inch concrete pipe with beveled lip end 
upstream. 

(m) The 12-inch metal pipe has about 61 per cent of the carry- 
ing capacity of the 12-inch clay pipe. 

(n) The 18-inch metal pipe has about 68 per cent of the 
carrying capacity of the 18-inch clay pipe. 

(0) The 24-inch metal pipe has about 73 per cent of the 
carrying capacity of the 24-inch clay pipe. 

(p) The 30-inch metal pipe has about 78 per cent of the 
carrying capacity of the 30-inch clay pipe. 

10. In concrete pipe culverts, 30.6 feet long, with straight 
end-wall entrances: 

(a) The 12-inch pipe with beveled lip end upstream discharges 
about 5 per cent more water than the same pipe with a square- 
cornered entrance. 

(b) The 18-inch pipe with beveled lip end upstream dis- 
charges about 9 per cent more water than the same pipe with a 
square-cornered entrance. 

(c) The 24-inch pipe with beveled lip end upstream discharges 
about 12 per cent more water than the same pipe with a square- 
cornered entrance. 

(d) The 30-inch pipe with beveled lip end upstream discharges 
about 14 per cent more water than the same pipe with a square- 
cornered entrance. 

11. Due to the larger amount of pipe friction in corrugated- 
metal pipes, a change in culvert length produces a greater change 
in discharge than with concrete and vitrified-clay pipe culverts. 

12. The 45-degree wing walls used in connection with a corru- 
gated-metal pipe culvert increase the capacity from 1 to 10 per 
cent over that obtained in a metal pipe culvert with a straight 
end wall. 
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13. The 45-degree wing walls used in connection with a corru- 


gated-metal pipe culvert are more efficient when set flush with 
the edge of the pipe than when set 6 inches back from the edge 
of the pipe. 

14. The 45-degree wing walls used in connection with a corru- 
gated-metal pipe culvert are more efficient when built full height 
to the top of the head wall than when constructed only to the 
standard height shown in Figure 6.! 

15. The 45-degree wing walls used in connection with a vitri- 
fied-clay pipe culvert produce a carrying capacity substantially 
equal to that with the regular bell end upstream. 

16. The U-type wing walls used in connection with a vitrified- 
clay pipe culvert produce a carrying capacity slightly less than 
that with the straight end wall. 

17. The beveled lip end at the entrance of a concrete pipe cul- 
vert is a great aid in reducing the entrance loss, especially in the 
larger sizes. 

18. The bell end at the entrance of a vitrified-clay pipe culvert 
by virtue of its shape greatly reduces the entrance loss below that 
produced by a right-angle corner, especially in the smaller sizes. 

19. A 24-inch clay pipe, 38 feet long, with a straight end wall 
and the regular bell end upstream carries about 10 per cent more 
water than the same culvert with a square-cornered entrance. 

20. Merely rounding the entrance to a 24-inch vitrified-clay 
pipe culvert increases the capacity approximately 13 per cent 
over that obtained with a square-cornered entrance. 

21. By projecting the pipe through the head wall so as to 
obtain the effect on the discharge of no head wall, it was found 
that: 

(a) In the 12-inch concrete pipe culvert having a square 
cornered entrance, there was little difference whether the pipe 
projected 3 inches, 2 feet, or 4 feet beyond the head wall. 

(b) The discharge is decreased slightly by projecting the pipe 
through the head wall as compared with the same culvert with 
a straight end wall entrance. 

(c) The 18-inch corrugated-metal pipe culvert with a 3-inch 
projection beyond the head wall carries slightly more water 
than the same pipe with either a 2-foot or a 4-foot projection. 

(d) The 18-inch metal pipe culvert with a straight end wall 
entrance carries more water than the same pipe with any length 
of projection. 

22. By doubling the area of the outlet end of an 18-inch vitrified- 
clay pipe culvert by attaching a conical section, the sides of which 
diverge at an angle of about 10 degrees, the discharge of the cul- 
vert, when the outlet end is submerged, is increased about 40 
per cent over that obtained through the same culvert having a 
uniform bore throughout. 

23. In the formulas for discharge the average exponent of H, 
the head on the pipe culvert, for Tables 22 to 79,! inclusive, is 
0.488. In hydraulics the general practice is to assume that the 
discharge varies as the square root of the head. 

24. New discharge formulas for the flow of water through 
concrete, vitrified-clay, and corrugated-metal culvert pipe have 
been derived from the experimental data in this report. The 
formulas as derived for culverts 30.6 feet long with straight 
end wall entrances are as follows: 

Concrete pipe with beveled lip end upstream: 


Q=4.61 D2-18 F{9.50 (1) 
Concrete pipe with square cornered entrance: 

Q=4.40 D2-09 770.50 (2) 
Vitrified-clay pipe with bell end upstream: 

Q=5.07 D?-% F{0.50 (3) 
Corrugated-metal pipe: 

Q=3.10 D2-31 {0.50 (4) 


25. The general discharge formulas derived for pipe culverts 
with straight end-wall entrance and of any size and length, when 
flowing full, are as follows: 

Concrete pipe, beveled lip entrance: 


oa AE 











V a ce (13) 
Concrete pipe, square-cornered entrance: 
(ee ora 
1 +0.31 psp oes Oe 
Vitrified-clay pipe, regular bell end upstream: 
apap See TREN ce 5 
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Corrugated-metal pipe: 
= A y2g H 
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/1+0.16 pt oes 








(16) 


In these formulas— 
Q=discharge in cubic feet per second. 
A=cross-sectional area of pipe in square feet. 
D=diameter of pipe in feet. 
L=\length of culvert in feet. 
H=head on pipe in feet or the difference in the water level 
at the two ends of the culvert. 
g=acceleration of gravity. 


The following general conclusions, numbered from 26 to 33, 
are drawn from the results of the tests on the concrete box 
culverts: 

26. Concrete box culverts with straight head walls and 
rounded lip entrance discharge from 8 to 12 per cent more water 
than the same size culvert with square-cornered entrance in 
the sizes tested in this investigation. 

27. Concrete box culverts with straight head walls and beveled 
lip entrance discharge from 7 to 9 per cent more water than the 
same size culvert with square-cornered entrance in the sizes 
tested in this investigation. 

28. If the outlet end of a 36-foot box culvert with a rounded 
lip entrance is flared by diverging the sides at an angle of 6° 30’ 
throughout a distance of 10 to 12 feet from the outlet head wall,. 
thus doubling the area of its cross section at the outlet, the capac- 
ity of the culvert is increased about 60 per cent above the capac- 
ity of a similar culvert 36 feet long with the uniform bore extend- 
ing the entire length of the culvert. 

29. The 2 by 2 foot box culvert, 30 feet long, with a rounded 
lip entrance and flared on the two sides for its entire length to a 
4 by 2 foot opening at the outlet end will discharge 86 per cent 
more water than a 2 by 2 by 380 foot box culvert of uniform 
bore with a square-cornered entrance, when both culverts are 
flowing full. 

30. The 2 by 2 foot box culvert, 30 feet long, with a rounded 
lip entrance and flared on the two sides for its entire length to 
a 4 by 2 foot opening at the outlet end will discharge the same 
quantity of water as a 3.61 by 2 by 30 foot box culvert of uni- 
form bore with a square-cornered entrance, when both culverts 
are flowing full. 

31. The following general discharge equations have been 
developed for concrete box culverts with straight end wall en- 
trances when flowing full: 

Box culverts with rounded lip entrances: 











qn AT 
y 1.05+-—pi.25 mae 
Box culverts with square-cornered entrances: 
So rae aay ae 
4/ 1+0.4 ele # ae 


in which the same symbols are used as in the pipe culvert formulas 
me the term, &, is the mean hydraulic radius of the culvert in 
eet. 

32. Rectangular concrete box culverts require more head to 
overcome friction than square concrete box culverts of the same 
area, and hence have a smaller carrying capacity provided the 
entrance losses (in head) are the same. The head lost in friction 
for culverts of the same area varies inversely with the hydraulic 
radius. The entrance losses, however, on the rectangular cul- 
verts tested are less than those on the square culverts of the 
same area and type of entrance. Since one culvert differs from 
another in capacity per square foot of area inversely in proportion 
to the square root of the sum of all head losses involved, it is 
possible for a rectangular culvert to have a slightly greater 
capacity than a square culvert, although the reverse is usually 
the case. 

33. The chamfering of the corners of box culverts reduces the 
discharge of the culvert by an insignificant amount, an amount 
which is less in per cent than the corresponding reduction im cul- 
vert area produced by the chamfering. 

A comparison of the results of the tests on the concrete box cul- 
verts with the results of the tests on the pipe culverts reveals the 
following facts: 

34, A 24-inch concrete pipe culvert, 30 feet long, with beveled 
lip end upstream, carries 19 per cent less water than a 2 by 
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2| by 30 foot concrete box culvert with square-cornered entrance 

(when the two culverts are flowing full), but the concrete pipe 
culvert carries about 7 per cent more water per square foot of 
waterway than the box culvert. 


_ 85, A 24-inch corrugated-metal pipe culvert, 30 feet long, car- 
ries 57 per cent less water than a 2 by 2 by 30 foot box culvert 
with square-cornered entrance (when the two culverts are flowing 
full), and the metal pipe carries about 23 per cent less water per 
square foot of waterway than the box culvert. 


36. A 27-inch vitrified-clay pipe culvert 30 feet long (contain- 
ing approximately the same cross-sectional area as a 2 by 2 foot 
box culvert) will carry 7 per cent more water than the 2 by 2 
_by 30 foot box culvert with square-cornered entrance when both 
culverts are flowing full. 


_ 37. The value of the entrance loss coefficient for a given type 
of entrance corner varies with the shape of the cross section of the 
culvert. That cross section having the greatest hydraulic radius 
for a given culvert area has also the greatest entrance loss co- 
efficient. That is, the entrance loss coefficient is greater for a 
circular culvert than for one with a square section, and the 
coefficient for the square section is greater than that for the 


rectangular section. 

_ 38. The results on the various types of entrances and outlets 
have an important bearing on the design of suction and discharge 
pipes for drainage and irrigation pumping plants. Sluiceways 

under levees are hydraulically like road culverts. The data in 

this report will likewise be found directly applicable to many 
irrigation structures. 


Copies of the bulletin may be obtained from the 
- university editor at $1 a copy. 

































(Continued from p. 148) 


4 TaBLEe 5.—Roughness factors on east and west sides of a pavement 


























. Roughness factor Roughness factor 
Mile of pavement Mile of pavement 
West East West East 
side side side side 
IE ee 81 SOM ENING No soe eee 89 97 
mesecond 22.7... 91 Oe Onc ne. te oy J 82 81 
ht 88 89 || Eleventh.._...___- 83 82 
Li 101 aie Welt Mae e ees 85 | 88 
TAN a 69 ie hirteenth =) 79 81 
Cit, oe a ee oe 76 86 || Fourteenth________ 94 85 
poventnoe 220. =. . 74 84 
Li De ee 85 96 Average per mile_ 84 89.5 














As indicative of how smooth pavements can be built, 
_ Table 6 shows data obtained for the smoothest pave- 
ments found in two Midwestern States. 


Taste 6.—Roughness factors on smoothest pavements found in two 

















States 
Rough- Rough- 
ness ness 

factor factor 
(a) Mile of pavement: Secondcu es. ne eee 67 
Lhe SS: ae 63 SE his ae es ey a ae) 60 
SORDGG La ee eee SS 71 OURG Ee et ee Ae 63 
YE a ie inal 66 Withee a oe er 57 
LEE NUT A 0 a 119 Si xi eee eee oe nee 63 
Cli? a ee ae 109 Seventh eens ee 59 
ND yea Shr vekess ek ee he 62 
Average for first 3 miles_ 66. 7 Nias ee ee ee 59 
AMV HOeS ee. eee 68 

(b) Mile of pavement: 

TENS Ge 2 ee a 60 FAVOR GOs see eee so sae eee 61.8 
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From data similar to that cited in Table 6, obtained 
on many hundreds of miles of roads the indications are 
that the instrument as described does give a true index 
of the relative roughness of road surfaces. 

The data, which can be obtained quickly and at 
small cost, should be invaluable to highway officials, 
particularly supervisory officials who can not hope to 
inspect every mile of pavement, as a basis for rating 
contractors, superintendents on force account work, 
engineers, inspectors, and all others directly responsible 
for the quality of the pavement. They will be found 
valuable even by the highway official who can and does 
visit all projects during construction for they will 
furnish him definite data rather than opinions on which ~ 
to base conclusions. | 


INTERNATIONAL ROAD CONGRESS WILL ACCEPT 
Tee TO MEET IN UNITED STATES IN 


The International Road Congress will accept an in- 
vitation to meet in the United States in 1929, accord- 
ing to Senator Albert Mathieu, of France, president of 
the association. This assurance was given at the close 
of the congress held at Milan, Italy, September 6 to 14 
and in response to the statement by Thomas H. Mac- 
Donald, Chief of the United States Bureau of Public 
Roads and chairman of the official delegation from the 
United States, that the United States Congress would 
be urged to extend such an invitation. 

The congress at Milan was attended by 2,000 dele- 
gates from 50 countries and 5 continents, and the 
United States was officially represented for the first 
time. Mr. MacDonald was made a member of the 
council of the congress. 

In the discussions of the congress, the United States 
and Great Britain declined to adhere to a resolution 
commending as a general policy the private operation 
of government subsidized toll roads, which has been 
tried out successfully on some stretches of Italian road. 
The United States delegates advanced the argument 
that roads are a government function and should be 
open to the use of all except in rare cases where private 
construction should eventually result in public opera- 
tion. A resolution providing for all viewpoints was 
adopted. 

Following the meeting in Milan the United States 
delegates went to Rome, where they were received in 
a private audience by Premier Mussolini, who asked 
them to convey a message to the United States that they 
had seen a disciplined and tenacious people courage- 
ously at work and desiring only peace. In response to 
Mr. MacDonald’s statement that in modern highway 
transportation there is a new way of living ahead for 
the masses, the premier stated his conviction that 
motor roads must be built everywhere as railroads 
and carriage roads have been built in the past. 

The American delegation left Rome for a survey of 
traffic and road conditions in western Europe and will 
sail from Southampton on October 12. 
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